Active Long-Lived Faults Emerging Along
Slow-Spreading Mid-Ocean Ridges , the formation of long-lived faults (called detachments) on one flank of the ridge axis is an important process in seafloor formation (Cann et al., 1997; Karson, 1999; MacLeod et al., 2009; Schroeder et al., 2007; Smith et al., 2008; Tucholke et al., 1998) . In fact, active detachment faults have been identified along nearly half of the MAR axis between 12° and 35°N .
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Continued extension on a single fault leads to significant flexural rotation of the fault block (Garcés and Gee, 2007; MacLeod et al., 2011; Morris et al., 2009; Schouten et al., 2010) . Faults are shown as subsurface black lines, and the footwall is marked. A normal fault forms, dipping at 60° beneath the axis. (a) in this panel, fault offset is 1 km, and the fault block has rotated outward away from the ridge axis by 18° to form an outward-facing scarp. (b) continued faulting and extension brings lower crustal rocks to the seafloor and forms a "core complex." in this panel, the fault offset is 16 km, and outward rotation of the top of the fault has increased to 36° to create a narrow linear ridge (LR) that marks the breakaway where the fault initially formed. The exposed footwall may be striated. (c) in this panel, no long-lived faults have formed. instead, consecutive short-lived faults cut the lithosphere on the ridge flank to form classic abyssal hill topography. Red dashed line = spreading axis. Brown shading = crust that predates faulting. Green shading = material below the crust that is brought to the surface during core-complex formation.
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1988) to form a "core complex massif " (Figure 1 ). Core complex massifs expose lower crustal and upper mantle rocks at the seafloor (e.g., Dick et al., 1981; Cann et al., 1997; Blackman et al., 1998; Tucholke et al., 1998; Escartín and Cannat, 1999; Karson, 1999; Cannat et al., 2006; Ildefonse et al., 2007) . MacLeod et al., 2009; Reston and Ranero, 2011) . Detachment faulting and the formation of core complexes may continue in a region for many millions of years, producing large fields of core complexes off axis (e.g., Okino et al., 2004; Cannat et al., 2006; Smith et al., 2006 Smith et al., , 2008 Schroeder et al., 2007; Reston and Ranero, 2011) .
The controls on the formation of oceanic detachment faults and core complexes remain poorly understood, but must differ significantly from those controlling extension when seafloor spreading occurs in the "classic" manner.
It has been argued that detachment faults and associated core complexes begin as high-angle (dipping about 60°) faults beneath the spreading axis, just as classic shorter-offset faults do (e.g., Tucholke c c ca a a a a a a a a a a a a a N. N. N. N. N. N. N. N. N. N. N. N. N. N y y a a a a a a a a a a a a a a a ar r r r r r r r r r r rea ea ea ea ea ea a ea ea ea ea ea ea ea st st st st st st st st st t t t t t t tud ud ud ud ud ud ud ud ud ud ud ud udy y y y y y y y y y y y y y y a a a a a a a a ar r r r r r r r rea ea ea ea ea ea ea ea ea study area R R R R R R R R R R R R R R R Rom om om om om om om om om om om om om om oman an an an an an an an an an an an an an an a ch ch ch ch ch ch ch ch ch ch ch ch ch ch h he e e e e e e e e e e e e e e e Romanche E E E E E E E E E E E E E E E Eu u u u u u u u u u u u u ua a a a a a a a a a a a a a a at t y y a a a a a a a a a a a a a a a ar r (Smith et al., 2006 Escartín et al., 2008) . A new study area in the equatorial Atlantic will yield information on ridge-axis detachment faulting in this region of large-offset transform faults. The Romanche transform Fault is marked. Figure 4 shows the details of the 13°N and 16°N areas. (b) histogram showing a bathymetric profile along the ridge axis in the top panel, number of hydrophonerecorded earthquakes (Eqs) per kilometer of ridge in the middle panel, and number of teleseismically recorded earthquakes per kilometer of ridge in the bottom panel. Dashed lines indicate the locations of transform faults. Rose shading shows regions of the ridge axis that spread by classic magmatic accretion, and blue shading shows regions of the axis that spread by detachment faulting on one flank. Note the correlation of high rates of seismicity with active detachment faulting. Red circles = known hydrothermal fields. Gray diamonds = known hydrothermal plumes. There also is an association of hydrothermal activity and active detachments. Histogram modified from Escartín et al. (2008) lithospheric alteration, and magmatic activity at the axis (e.g., Escartín and Canales, 2011) .
Equatorial

MAR study area A A A A A A A A A A A A A A A Atl tl tl tl tl tl tl tl tl tl tl tl tl tl t t an an an an an an an an an an an an an an an a ti ti ti ti ti ti ti ti ti ti ti ti ti ti t t c c c c c c c c c c c c c c Atlantic O O O O O O O O O O O O O Oc c c c c c c c c c c c cea ea ea ea ea ea ea ea ea ea ea ea ea ea ean n n n n n n n n n n n n n O O O O O O O O O O O O Oc c c c c c c c c cea ea ea ean n n n Ocean
ic ic ic ic ic ic ic ic ic ic c ca a a a a a a a a a a a a a a a A A A A A A A A A A A A A A A Ame me me mer r ric ic ic ic ic ic ic c c ca a a a America S S S S S S S S S S S S S Sou ou ou ou ou ou ou ou ou ou ou ou ou outh th th th th th th th th th th th th th th th South A A A A A A A A A A A A A A Ame me me me me e e me me me me me me me me er r r r r r r r r r r r r c ic ic ic ic ic ic ic ic ic ic ca a a a a a a a a a a a a a a a A A A A A A A A A A A A A A A Ame me me me me me mer r r r r r ric ic ic ic ic ic ic ic ic ica a a a a a a America
a Africa E E E E E E E E E E E E E E E Eu u u u u u u u u u u u u ur r r r r r r r r r r r r r rop op op op op op op op op op op op op p p pe e e e e e e e e e e e e e e e Europe
. N. N N M M M M M M M M M M M M M M M MAR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR N. MAR No No No No No No No No No No No No No No No No N r r r r r r r r r r r r r r rth th th th th th th th th th th th th th th th M M M M M M M M M M M M M M M MAR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR
S. S. S. S. S. S. S. S. S. S. S. S. S. S. M M M M M M M M M M M M M M M MAR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR
t t t t t t t t t t t t t tor or
Sampling of rocks is also an important piece of the puzzle because the composition of basalts from the ridge axis can be used to estimate the magmatic budget at a ridge segment and, hence, to test current models relating magma supply and detachment fault formation (e.g., Buck et al., 2005; Tucholke et al., 2008; MacLeod et al., 2009; Olive et al., 2010; Schouten et al., 2010) . To evaluate the models, it will be essential to study a number of different detachment faults and associated volcanic systems at the ridge axis, representing a spectrum of magmatic activity.
The ultimate goal of all of these studies will be to identify the magmatic and rheological conditions that are required for the initiation and sustained evolution of these large-offset normal faults. Knowledge of these conditions will help us to understand how the oceanic lithosphere is constructed in settings where detachment faulting occurs.
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